Wood smoke extract promotes both apoptosis and proliferation in rat alveolar epithelial type II cells: the role of oxidative stress and heme oxygenase-1.
Inhalation of toxic smoke causes oxidant lung injury. Alveolar epithelial type II cells are important in the re-epithelialization of alveolar walls after lung injury. We investigated the responses of alveolar epithelial type II cells to insult by wood smoke extract, and we identified the role of reactive oxygen species and heme oxygenase-1 (an oxidative stress protein) in these responses. A randomized, controlled study. A research laboratory. Cultured rat L2 and primary alveolar epithelial type II cells. Exposure of L2 alveolar epithelial type II cells to smoke extract (60 microg/mL) caused increases in reactive oxygen species, mitogen-activated protein kinases phosphorylation, heme oxygenase-1 expression, apoptosis, proliferation and cell population, all of which were largely reduced by N-acetylcysteine (an antioxidant). Additionally, the smoke extract-induced heme oxygenase-1 induction was significantly attenuated by mitogen-activated protein kinases inhibitors, by small interfering RNA targeting mitogen-activated protein kinases or by N-acetylcysteine. Furthermore, knockdown of heme oxygenase-1 by small interfering RNA prevented heme oxygenase-1 induction whereas increasing smoke extract-induced apoptosis and suppressing smoke extract-induced proliferation. Conversely, cobalt protoporphyrin IX (a heme oxygenase-1 inducer) amplified heme oxygenase-1 induction while suppressing smoke extract-induced apoptosis and augmenting smoke extract-induced proliferation. Consequently, the smoke extract-induced increase in cell population was changed into a decrease by heme oxygenase-1 small interfering RNA, but was further elevated by cobalt protoporphyrin IX. Smoke extract also caused increases in heme oxygenase-1 expression, apoptosis, proliferation and cell population in primary alveolar epithelial type II cells, and heme oxygenase-1 small interfering RNA similarly augmented smoke extract-induced apoptosis and suppressed smoke extract-induced proliferation in these primary cells. Smoke extract increases intracellular reactive oxygen species, which up-regulates heme oxygenase-1 via the mitogen-activated protein kinase pathways and also promotes both apoptosis and proliferation in rat alveolar epithelial type II cells. Additionally, smoke extract-induced heme oxygenase-1 induction counteracts smoke extract-induced apoptosis, but mediates smoke extract-induced proliferation, resulting in a net increase in cell population. Thus, in response to oxidant smoke insult, alveolar epithelial type II cells have evolved an adaptive mechanism involving heme oxygenase-1 that increases their cell population, presumably to help them perform their function of re-epithelialization following lung injury.